Mortality differentials according to socio-economic group have long been recognized in the UK. Engels (1845) reproduced such data, using both area-based and individual indicators of socio-economic status (Table 1) . Engels (1845) went on to quote from the Report on the Sanitary Conditions of the Working Class: 'In Liverpool in 1840 the average life-span of the upper classes, gentry, professional men, etc, was thirty-five years; that of the business men and better-placed handicraftsmen, twenty-two years; and that of the operatives, day-labourers, and serviceable class in general, but fifteen years'.
mortality rates which had been occurring in Britain had ceased (Wrigley & Schofield, 198 1) . From the 1860s on, however, mortality rates tended to decline, first for children and young adults and then for older adults (Kuh & Davey Smith, 1993) . Infant mortality, interestingly, failed to decline until after the turn of the century. With only occasional reversals, seen, for example, among middle-aged men and women between 1920 and 1940, mortality rates have continued to decline .
These major declines in mortality occurring during industrialization and economic growth have been attributed to improved nutrition by Thomas McKeown (1988) , among others, although this view has been strongly challenged (Szreter, 1988; Johansson, 1994) on both empirical grounds and methodological grounds. However, these critiques, which take a broader view of developments in social policy, public health and medicine, have themselves been criticised (Guha, 1944) .
The thesis that improvements in nutrition were responsible for the decline in mortality largely refers to adequate quantity of food, rather than specific dietary composition. Internationally, higher energy consumption is related to lower mortality rates, and there are plausible biological mechanisms for such an influence. Similarly, the maintenance of adequate nutrition between 1920 and the end of the Second World War may have prevented an interruption or reversal in the decline in infant mortality during this period of high unemployment (Winter, 1988) . Elucidating the role of nutrition in other aspects of mortality trends is more problematic. It is often asserted that over-nutrition has led to the rise in the 'diseases of affluence', cancer and CHD (McKeown, 1988) . However, the increase in cancer mortality was largely or entirely due to the rise in lung cancer, to which diet is unlikely to have contributed greatly. Some cancers which may plausibly be dietrelated, such as stomach cancer, declined in importance over this period. For CHD, the evidence relating mortality trends to diet is controversial. There are few data with which to examine trends in fat consumption and reviews have come to contradictory conclusions (Morris, 1956; Greaves & Hollingsworth, 1966; Trenchard, 1977) . There is no strong evidence of large increases in per capita total fat or saturated fatty acids consumed in the period leading up to the rise in CHD (Greaves & Hollingsworth, 1966; Trenchard, 1977) .
As a percentage of energy consumed fat intake did increase in the expected way (Stephen & Sieber, 1994; Johansson et al. 1996) . It is postulated that a certain population mean level of serum cholesterol is required for CHD to become a mass disease (World Health Organization Expert Committee on Prevention of Coronary Heart Disease, 1982) , and the diet prevalent by the middle of this century may have been sufficient to produce this. Other factors, also, will then have contributed to the rise in CHD against this background. 
SOCIO-ECONOMIC DIFFERENTIALS IN HEALTH
Socio-economic differentials in mortality have persisted from the time of Engels' (1845) description of early Victorian conditions until the present day (Davey Smith et al. 1990a , 1992 Davey Smith & Moms, 1994) . The production of statistics on social-class mortality differences at the time of each British census has provided the best longitudinal series of such data. Fig. 1 presents mortality rates for middle-aged men from the years relating to the 1921 census to the years relating to the 1981 census. Dramatic declines in mortality are seen for social classes I and 11, while for social classes IV and V small and inconsistent decreases in mortality are seen. Increases in both the relative and absolute differentials in mortality between the social class groups have occurred since the early 1950s , a pattern which recent data demonstrate has continued throughout the 1980s (Harding, 1995) . Analyses based on the socio-economic characteristics of areas, rather than individuals, have demonstrated that while mortality rates have shown large decreases in affluent areas, rates have recently increased for some age-groups in the poorest areas (McCarron et al. 1994; Phillimore et al. 1994) . Much of the adverse trend in mortality among the poorest groups is due to external causes. The relative and absolute increases in differentials shown in the area-based studies are clearly not due to changes in size of the groups under study and detailed analyses of the trends in the census-based data demonstrate that the same applies to these (Pamuk, 1985; Najman, 1993) .
Reliable morbidity data are more difficult to locate than mortality data with regard to socio-economic differentials. A series of recent studies have demonstrated that common forms of morbidity demonstrate the same socio-economic patterning as does mortality Eachus et al. 1996) . residence in a sample of more than 20 000 men and women in Somerset and Avon. However, reliable data on trends in socio-economic differentials in morbidity are not available.
INVESTIGATING THE ORIGINS OF SOCIO-ECONOMIC D I m R E N T I A L S IN HEALTH
Several studies have investigated the contribution of particular health-related behaviours and physiological risk factors to mortality differentials. In the first Whitehall study, considerable differences in mortality risk according to two socio-economic indicators, employment grade in the civil service and car ownership, were demonstrated ( Fig. 2 ; Davey Smith et al. 1990b ). While smoking behaviour was patterned such that the lower grade and non-car-owning civil servants were more likely to smoke than the higher grade and car-owning ones, the pattern of mortality differentials was identical among men who had never smoked ( Fig. 3 ; Davey Smith & Shipley, 1991; Davey Smith et al. 1994a ). Cholesterol levels were higher among high-grade compared with low-grade civil servants in the late 1960s, when this study was established. Differences in cholesterol levels could not account, therefore, for the higher rates of CHD among the lower-grade employees. This can be taken to suggest that differences in dietary fat intake between grades were not responsible for the CHD mortality differentials. Indeed, simultaneous consideration of a range of risk factors, including smoking, blood pressure, cholesterol levels and prevalent cardio-respiratory disease, failed to account for the grade differences in cardiovascular and non-cardiovascular mortality (Davey Smith et al. 1990b ). Similar findings have emerged from a study in the west of Scotland established about the same time as the first Whitehall study (Davey Smith et aE. 1994b . Large differentials in CHD mortality according to both educational attainment and social class existed at a time when blood cholesterol levels were highest in those with the most education and in the professional and managerial classes. Adjustments for a wide range of risk factors failed to explain the considerable mortality differentials from major causes of death in this study. As a result of such findings, the Whitehall I1 cohort was established in 1985 to investigate additional, particularly dietary, metabolic and psychosocial, factors which might contribute to the social gradients in CHD risk . The Whitehall II study found inverse gradients in prevalent electrocardiogram abnormalities in both sexes at baseline, which paralleled the findings in the original cohort. In this more recent study mean total cholesterol levels again appeared not to contribute to the occupational gradient in CHD risk. In both sexes, the mean cholesterol level at baseline was similar in each grade. Concentrations of serum apolipoprotein AI, the main structural protein of HDLcholesterol, did show an association with grade (Brunner et al. 1 9 9 3~) and suggested that characteristic disturbances of metabolism associated with lower occupational status were potentially identifiable.
SOCIAL CLASS, CENTRAL OBESITY AND METABOLISM
The second examination of the Whitehall I1 cohort provides evidence of a distinctive socially-patterned clustering of risk factors (Brunner et al. 1993b ). Central or male-type obesity, long recognized as a factor predisposing to diabetes and coronary disease (Vague, 1956) in both sexes, is linked with glucose intolerance, insulin resistance and disturbances of lipoprotein metabolism (low HDL-cholesterol and high fasting serum triacylglycerols among young blacks and whites in the U.S.A. (Folsom et al. 1989) and South Asians in the U.K. (McKeigue et al. 1991) . Each of these components of the metabolic or insulinresistance syndrome, although not blood pressure, showed a close inverse relationship with employment grade in the Whitehall I1 study ( Table 3) . Clustering of risk factors into the characteristic metabolic-syndrome pattern was strongly associated with lower grade, particularly among men. Morbidity and mortality follow-up may prove this clustering to contribute to the biological explanation of social inequalities in cardiovascular risk. The contribution of overall degree of obesity to the socio-economic differential in heart disease is unclear, but probably is increasingly relevant. Overweight is increasing in European and American adults in general (Kuczmarski et al. 1994; Nutrition and Physical Activity Task Forces, 1995) and data fiom the two successive Whitehall cohorts illustrate that both overweight and obesity appear to have become more strongly linked with lower socio-economic status in the past 30 years. Mean BMI was within the normal weight category (20-25 kg/m2) and similar in each employment grade in male Civil Servants screened in the late 1960s (Table 4 ). In the second cohort, examined in the early 1990s, mean BMI is in the overweight category except in the administrative grade, and mean BMI is higher in the clerical grade in both sexes. The prevalence of obesity (BMI > 30 kg/m2) increased markedly in the intervening period (Table 4 ). Obesity in the second cohort is more common in the lower grades in both sexes, and as might be expected, is very strongly linked with the prevalence of the metabolic syndrome (Brunner et al. 1993b ).
SOCIAL PATTERNING OF DIET AND NUTRITION
The 1986-7 Dietary and Nutritional Survey of British Adults (Gregory et al. 1990 ), in which a representative sample of the adult population of England, Wales and Scotland, completed a 7 d weighed-intake record, demonstrates a range of socio-economic differentials in dietary intake (Table 5) . Men in manual occupations reported higher intakes of dietary energy, presumably reflecting higher levels of physical activity. This finding has been seen elsewhere (Fehily et al. 1984) . In contrast, women in non-manual occupations reported higher energy intakes than those in manual occupations. This may be an artifact of differential rates of dietary under-reporting according to social class (F'ryer et al. 1995) . Mean total and saturated fatty acid intakes, as a proportion of dietary energy, were not associated with social class in the British survey (Gregory et al. 1990) . The mean po1yunsaturated:saturated fatty acids (P:S) ratio did vary according to social class with men and women in higher social strata tending to report a higher P:S ratio These findings suggest that amount of total fat and dietary saturated fatty acids may not play a major role in the excess coronary risk among adults of lower social status, while polyunsaturated fatty acid intake may be important. This interpretation is supported by the findings (Braddon et al. 1988) of the National Survey of Health and Development (the 1946 birth cohort), from a 7 d diet diary completed in 1982, which show that saturated fatty acid intake did not vary by education level among men. Among women it was highest in those with university education. Although fat intakes appeared to be weakly associated with social position among adults in the 1980s, the micronutrient density of the diet differed markedly by social class.
Vitamins A, B and C, and Fe, Mg, K, Ca and P were all present at higher levels in diets of those in higher social classes. Congruent findings have come from a study of nutrient intakes in lone-parent households (Dowler & Calvert, 1995) . Intakes were compared for lone-mothers in relation to whether they received income support or not. The average weekly income in households claiming income support was E87 in this study; for those not claiming income support it was E226 ( Table 6 ). The data on social differences in nutrition (similar fat intakes, but large differentials in micronutrient density) point to a social influence on food consumption patterns. These are the product of a diverse combination of economic, cultural and personal factors.
Diet, therefore, in the main way it is currently believed to increase CHD risk, does not appear to contribute greatly to the direction or the trends in social-class differentials in CHD. Evidence from other studies points to the same conclusion (Cade et al. 1988; Morgan et al. 1989) . Instead, the British data point to micronutrient and antioxidant intakes as the most likely nutritional influences on health inequalities. It appears to be sociallypatterned differences in food sources which determine the differences in micronutrient density observed.
Several studies have demonstrated that Engels' (1 845) conclusions remain applicable today: those least able to purchase a healthy diet due to financial constraints are those most likely to be disadvantaged with regard to access to healthy micronutrient-dense food. Thus, a shopping-basket survey in Glasgow demonstrated that households in a less-economicallyfavoured area paid more for a healthy basket of food than households in a more-favoured area, while there was no difference in the cost of an unhealthy basket of food. It was also noted that several items of the healthy food basket were simply not available in the lessfavoured area (Sooman et al. 1993) . A similar survey was carried out in London in 1988 and repeated in 1995. At both times healthy food was more expensive in the deprived area while unhealthy food was slightly cheaper in the deprived area (Lobstein, 1995) . This study suggested that the situation for those living in the deprived area had become relatively worse between 1988 and 1995. Poorer families have been disadvantaged by changes in food retailing. Between 1980 and 1992 the number of food retail outlets decreased by 35% (Department of Health, 1996) . This reflects a decline in the number of small grocery retailers and specialist shops, including butchers and greengrocers, and an increase in large supermarkets. Such large retailers tend to be based outside towns and customers require transport to them. The low rate of car ownership among poorer households makes it difficult for them to utilize these generally cheaper outlets. In essence, the transfer of food retailing from smaller local retailers to large out-of-town superstores represents a transfer of costs from the food wholesaler, who is required to transport food to fewer outlets, to the customer, who must travel further to purchase food. This transfer represents a disproportionate burden to poorer households and contributes to widening inequalities in material circumstances.
Low-income households, residing in less-affluent areas, are disadvantaged in other ways with respect to food, diet and nutrition. Such households may especially value the social resource represented by the personal nature of local shopping, given fewer alternative social opportunities. Shopping can become a demoralising experience for those whose choice is constrained by a lack of income (Dowler, 1996) . The costs of cooking and of stocking essential items required for food preparation represent additional expenditure which may not be available in less-well-off households. Thus, the use of convenience foods or items such as sandwiches which require no cooking is encouraged.
In a detailed ethnographic study of the social organization of nutritional inequalities Travers (I 996) concluded that 'The public discourse most consistent with the findings and experience of this research was apparently informed by an individualistic ideology.
Individualism assumes that the current social system provides sufficient and equal opportunity for individuals to move within the social system according to their abilities. Within this ideological construct, poverty results from the individual's failure to seize the opportunity or to work sufficiently hard within the current social structure; it is not a reflection of inadequacies and inequities within that social order'. This need not go unchallenged, however. The women in Travers ( 1996) study were aware that inequitable pricing policies existed, such that the more expensive food stores are located in the innercity, closer to the areas of residence of socially-and economically-disadvantaged households. The women initiated a letter-writing campaign to supermarket managers which resulted in a reduction in the pricing differentials between inner-city and suburban stores.
LIFE-COURSE INFLUENCES ON HEALTH INEQUALITIES
Until recently the debates regarding inequalities in health generally related to the association between socio-economic circumstances in adulthood and poor health. There has recently been a revival of interest in the effects of poor social circumstances in early life on health in adulthood (Kuh & Davey Smith, 1993) . The UK Department of Health (1995) report, Variations in Health has recognized the importance of a life-course perspective on inequalities in health. It concludes that it 'is likely that accumulative differential lifetime exposure to health-damaging or health-promoting physical and social environments is the main explanation for observed variations in health and life expectancy'. However, few empirical data regarding such cumulative effects exist. In a cohort study in which men have been followed for over 20 years in the west of Scotland Table 7 it is demonstrated that cumulative social class, together with indicators of socio-economic position at the time of screening, are strongly related to mortality risk. When social class at different periods of the life-course is related to mortality from specific causes it is seen that the social class of the fathers of the men and their own social class at the time of screening independently contribute to all-cause and Table 7 . All-cause mortality (age-adjusted relative rates) by cumulative social class*, car access and deprivation category? in a cohort study of men followed for over 20 years in the west of Scotland (From Davey Smith et al. 19946; Hart et al. 1995; Davey Smith et al. 1997) Cumulative social class. . . (0.9 1-1 64) (1 .I 9-1.95) ( 74-1.52)  (1.10-1.82)  (1.25-1.90)  (1.45-2.09) * Summation of social class locations at three stages of the life-course: father's social class, own social class at labour t Carstairs deprivation index categories based on census variables: 1-4, more affluent areas; 5-7, more deprived market entry; own social class in middle age.
All three Two non-manual Two manual and non-manual and one manual one non-manual All three manual

areas.
cardiovascular disease mortality. This suggests that there are some long-lasting influences of socio-economic circumstances in childhood on mortality in adulthood. The suggestion that mortality risk reflects the accumulation of environmental insults or the cumulative effects of unfavourable behavioural or psychological factors which progressively increase susceptibility to disease (Jones, 1956; Alter & Riley, 1989) is also supported by a study based on record linkage of the 1960, 1970 and 1980 census records for Norway, in which particularly high mortality risks are seen among men who obtain limited education and then go on to work in manual occupations and live in poor housing (Salhi et al. 1995) . Similar findings have come from the US national longitudinal study of older men (Mare, 1990) . The particular dependence of cardiovascular disease risk on childhood socioeconomic circumstances in comparison with other causes of death has been observed in area-based studies from Finland (Valkonen, 1987; Koskinen, 1994) .
A nutritional factor which may contribute to the life-course accumulation of disease risk is that of fruit and vegetable intake ( h m m et al. 1996) . In a study of Finnish men (Lynch el al. 1996) intakes of fruit, non-root vegetables and vitamin C were related to childhood socio-economic circumstances, implying that this adult dietary behaviour may become established early in life and not be readily amenable to change at a later stage.
Of particular current research interest are the long-term effects of development during fetal and early infant life on disease risk in adulthood. A series of ecological and prospective studies have demonstrated that birth weight and weight at 1 year of age are inversely related to cardiovascular disease risk, diabetes risk and blood pressure in later life (Barker, 1995) . While it is difficult to separate out the effects of such early life exposures from later experiences (Ben-Shlomo & Davey Smith, 1991; Bartley et al. 1994) , these findings are strongly suggestive of important persisting influences from early life into adulthood. Although nutrition over the life-course is an important consideration, there is evidence in the case of cardiovascular disease that early influences may also manifest themselves in adulthood through effects which are at most only weakly related to diet. The haemostatic risk factor, plasma fibrinogen, is raised among smokers and in obesity and reduced by moderate alcohol consumption, but is not known to be directly influenced by diet. In Whitehall I1 data (Brunner el al. 1996) adult fibrinogen level showed a strong inverse relationship with father's social class and level of education, as well as with adult occupational status.
Less research has been carried out recently on the effects of childhood nutrition on later disease, although earlier this century it was considered unproblematically obvious that such effects did exist (Davey Smith & Kuh, 1996) . Preliminary data are now available from a mortality follow-up of the children included in surveys of poverty, nutrition and child health carried out under the auspices of Lord John Boyd Orr in the immediate pre-Second World War period (Rowett Research Institute, 1955) . At the time this survey was carried out it was recognized by one of the investigators that leg length was a particularly good indicator of childhood socio-economic and nutritional circumstances:
'When the Carnegie UK Dietary and Clinical Survey was planned at the Rowett Research Institute in 1937, cristal height as a measure of leg length was included in the measurements.. . it was found that cristal height was consistently better than total height for indicating expenditure group. . . we find the longer-legged children suffered less bronchitis than the short at all ages. Since there is neither complicating immunity mechanism nor specific cure for bronchitis, we might argue that constitution built up when the complete harmonious pattern of growth is unfolded is, in some way, superior to that associated with inhibition of growth, however slight. ' (hitch, 1951) . In a re-analysis of these data this is clearly the case (Gunnell et al. 1996 ; Table 8 ). Age-standardized indicators of total height, leg length and trunk length reveal differential associations with nutritional and socio-economic factors. In particular, it is noticeable that the negative correlations between overcrowding and social class of head of household (scored from 1 for professional groups to 5 for unskilled manual workers) are considerably stronger for leg length than for trunk length, while the positive correlations between weighted per capita food expenditure and relative family per capita energy consumption are similarly stronger for leg length than trunk length. Results for females are similar to those in males.
Leg length in childhood is associated with mortality over the subsequent 60 years ( Table 9 ). These data suggest that there may be important long-term consequences of childhood nutrition on health in later life. However, they do not paint a one-sided view of rapid growth in childhood. In line with evidence from animal studies and some epidemiological findings (Tannenbaum, 1947; Albanes et al. 1988) , they suggest that cancer risk may be increased by greater energy intake and growth in early life. Thus, reductions in cardiovascular-disease mortality in response to socio-economic and nutritional conditions which encourage growth in childhood may, in part, be counterbalanced by increases in cancer mortality. Studies which obtain data over the life-course of participants are required to untangle the relative contributions of factors acting at different stages of life and to understand the importance of interactions between such factors across the life-course in generating disease risk in adulthood.
CONCLUSIONS
The precise role of nutrition in generating inequalities in health is difficult to delineate. However, this does not mean that action should await the outcome of further research. In several cases it is clear that nutritional deficiencies or excesses which will generate health problems are socially patterned in such a way as to further disadvantage the poor. Examples include Fe-deficiency anaemia in children, lower breast-feeding rates among the less-advantaged, poor birth outcomes in response to inadequate maternal diet and inadequate vitamin and mineral intake by adolescents (Department of Health, 1996) . These social variations in nutritional adequacy cannot be countered by simple health education messages since structural constraints clearly mitigate against their adoption. Innovative programmes which work with low-income communities, however, can lead to improvements (James, 1995; Dowler, 1996) . The fundamental cause of socio-economic differentials in health remains the level of inequality in material resources within a society . This is well illustrated by recent trends in mortality differentials and income differentials within the UK. Area-based studies and prospective follow-up of a general population sample from the census have demonstrated that mortality differentials have increased over the last 15-20 years (Phillimore et al. 1994; McCarron et al. 1994; Harding, 1995) . Over the same time period many indicators reveal increasing social polarization. By 1993 one in three children in the UK lived in households with less than 50% of average UK income after housing costs; in 1979 this was less than one in ten (Child Poverty Action Group, 1996). Income inequalities have increased enormously over the same period, with the income after housing costs of the lowest decile group in 1991 being lower than the equivalent income of the lowest decile group in 1979 ( Davey Smith & Egger, 1993) .
The only economic argument in support of allowing income inequalities to widen is that the incentive of large income increases for the already wealthy in some way drives overall economic performance. This doctrine, strongly associated with the Thatcherite agenda of the 1980s, has recently been exploded. Fig. 4 plots labour productivity growth between 1979 and 1990 against income inequality in 1980. It is clear that countries with lower levels of income inequality in 1980 had greater labour productivity growth over the following decade. In 1979, the UK lay at about the average of the countries under consideration for both income inequality and labour productivity growth. Since then inequality has massively increased in the UK and it is now vying with the USA for the unfavourable title of most unequal country.
